We present results from the on-going spectral analysis of gamma-ray bursts measured by the COMPTEL instrument in its main Compton
INTRODUCTION
With relatively few exceptions, most detailed measurements of gamma-ray burst GRB spectra have been made in the energy range around a few hundred keV. Several experiments have shown that burst spectra in this range can be well described by a combination of two v ariable power laws connected by a smooth but variable transition 1. Unfortunately, our present knowledge of the characteristics of burst emission below 10 keV and above 1 MeV is limited. In this study, w e use the COMPTEL instrument aboard the Compton Gamma R a y Observatory to characterize the properties of burst emission at the high-energy end of the spectrum. Data from 18 GRBs 2 detected c 1996 American Institute of Physics 1 
ANALYSIS AND MODELING OF TIME-AVERAGED SPECTRA
To examine the global properties of burst emission at MeV energies, COMP-TEL telescope data have been selected from each of the 18 bursts forming individual time-averaged count spectra. These raw spectra, combined with background, instrument response and livetime information are studied through tting to model analytic functions. Small numbers of counts make the standard 2 model tting method inapplicable. Hence, the spectra are tted using a forward-folding" maximum likelihood technique and model acceptability i s evaluated through Monte Carlo simulation. In this analysis, empirical background models based on data from similar orbital conditions as during each burst are employed and detector response functions are obtained through Monte Carlo simulation of the instrument 3.
Each of the 18 time-averaged burst spectra were t with several simple model functions Table 1 . Due to typically low count-rates in the individual burst spectra, particular models can be rejected on statistical grounds only for the strongest and hardest bursts. However, by examining the distribution of goodness-of-t estimates from the full burst sample we can characterize global properties of MeV emission with enhanced sensitivity. F or instance, the distribution of power law model ts is statistically consistent with random deviations, indicating that the power law model adequately describes timeaveraged MeV burst emission Figure 1a ; Table 1 . While the simple thermal models can adequately describe many of the individual burst spectra, they are statistically inconsistent with the full COMPTEL burst sample. These ndings agree with the earlier results of SMM 4. The distribution of bestt power law spectral indices Figure 1b is consistent with that of the SMM bursts and with extrapolations of BATSE spectra into the MeV energy range 1.
Most of the bursts detected by COMPTEL have been observed simultaneously by other Compton instruments, thus wide-band spectral comparisons are possible. COMPTEL spectra for particular strong bursts have been recomputed to match the accumulation times of these other observations. In most cases we nd good agreement b e t w een BATSE, COMPTEL, OSSE and EGRET in overlapping regions of the spectra 5 8. These wide-band comparisons show that above a v ariable turnover typically lying in the BATSE energy range around a few hundred keV, time-averaged burst spectra can be well described by a single power law tail" out to 100 MeV.
EXTENDED MEV EMISSION?
In at least two bright bursts detected by COMPTEL GRB 930131 and GRB 940217, the EGRET spark chamber SC observed GeV photons well after the main impulsive parts of the bursts at keV energies subsided 9,10. Power law spectral indices based on ts of the EGRET data are consistent within large uncertainties between the impulsive and extended portions of the bursts. However, the temporal and spectral relation between GeV and keV burst emission is unclear due to the limitations of the EGRET SC severe deadtime and few counts. The observed GeV emission is either a low-intensity extension of that present during the main burst i.e., little or no change in the spectral shape or a distinctly harder spectral component that has a delayed turn-on. Spectral measurements in the MeV energy range can, in principle, solve this important question.
We h a v e examined COMPTEL data during the extended delayed emission intervals of GRB 930131 and GRB 940217 where EGRET observed GeV photons in an attempt to identify any c hange in the spectrum from that of the impulsive burst. No signi cant MeV burst emission has been detected in these intervals. The COMPTEL upper limits are compared with the extrapolated EGRET SC spectra and TASC measurements in Figure 2 with the same spectral shape as measured by EGRET i.e., the COMPTEL upper limits are not inconsistent with the EGRET SC extrapolations. Thus, we can nd no evidence that there is signi cant spectral change at MeV energies in the post-impulsive i n tervals of these bursts.
RAPID VARIABILITY AT MEV ENERGIES
The intensity of MeV burst emission measured by COMPTEL is in many cases observed to vary on short time scales. Several of the stronger bursts contain short, high-intensity pulses of emission that are observed up to several MeV see Figure 3 . Poor statistics, electronics deadtime and telemetry gaps limit the ability of COMPTEL to measure such pulses. However, using the available measurements we are able to put conservative limits on the variability time-scale t 50 100 ms, the instantaneous peak ux F p 10 20 photons cm ,2 s ,1 MeV ,1 and the maximum energy at which the pulses are observed E max 2 5 MeV.
If the density of photons at burst emission sites is great enough, pair production will attenuate the spectrum above 1 MeV. The lack of a spectral cuto in the COMPTEL data power law spectral index 2.0 2.5, combined with intense and rapid variability measured simultaneously at high energies suggests that pair production is an ine cient attenuation mechanism for GRBs. If the MeV burst emission is isotropic, the COMPTEL observations indicate that the sources must be well within a distance of D max 1 kpc in order to avoid attenuation 11. If the burst sources are at extragalactic distances, signi cant anisotropic beaming of the photons is required e.g., due to bulk relativistic motion of the emitting plasma; 12. For instance, bulk Lorentz factors , min 100 are required if the sources are at cosmological distances 1 Gpc and moderate beaming , min 3 is required even if the sources are within 100 kpc. It should be emphasized that the mere existence of high-energy gamma rays such as measured by EGRET does not constrain severely the source distance or the amount of beaming. Rapid variability of the high-energy ux such as shown here is required 13.
